
IIRH ConceptsIIRH Concepts
• Landscape Context• Landscape Context
• Natural Range of Variability
• Indicators
• Qualitative vs. Quantitative Q Q

Indicators
• Resistance and ResilienceResistance and Resilience
• States, Transitions, and Disturbances

C bi i  th  C t• Combining these Concepts



LandscapeLandscape
• Part or all of  1+ 

watershedswatersheds
• Divide landscaped into 

Ecological Sitesg
• Consider surrounding 

areas that can 
i fl  l tiinfluence evaluation
– Direct effects – e.g., 

runoff, erosion, seed , ,
dispersal

– Indirect effects – e.g., 
proximity to water or proximity to water or 
alternative habitats.



Examples of Landscape Impacts 
on Ecological Processes

• Water run-off upslope 
becomes run-on downslope

g

– Positive for downslope if 
water is captured
Negative if it causes – Negative if it causes 
erosion 

• South slopes have higher South slopes have higher 
evaporation, shallower 
soils, and more bare soil 
than north slopes.
– South slopes have greater 

likelihood of bare ground likelihood of bare ground 
and rill formation even at 
potential



Qualitative landscape analysisQualitative landscape analysis

– Watersheds, 
subwatersheds  subwatersheds, 
allotments

– Departures from 
expected for the 3 Slight to Moderate

Soil & Site Stability

expected for the 3 
attributes on ecological 
site.

– Evaluate separately 
None to SlightNone to 

Slight

Slight to Moderate

Evaluate separately 
each ecological site 

Mod-Extreme

Mod-Extreme



Natural Range of Variationg

• Each biological and physical g p y
component of an ecosystem varies in 
both space and time.

• The standard for evaluation of any 
location includes this variation.

• For IIRH, we need to describe this 
variation

• Areas with measurements or 
observations that are within this 

i ti   ti  th  t d dvariation are meeting the standard.



C  f V i iCauses of Variations

• Spatial Variation
– Soils vary within an ecological sitey g
– Weather events can differ (e.g. convective 

storms)
T hi  i i– Topographic positions

• Temporal Variation
l (– Precipitation cycles (e.g., drought or wet 

cycles)
Time since fire– Time since fire



Range of VariationRange of Variation

• Bare Ground
– Drought can reduce cover 

and increase bare groundand increase bare ground
– Generally more associated 

with vascular plants, not 
biological soil crustsbiological soil crusts

• Fire and woody plant 
cover

• Rills and time since heavy 
rainfall or spatially 
related to percent sloperelated to percent slope



I diIndicators

• Attributes are too difficult, complex 
or expensive to measure individuallyp y

• An indicator is a component of an 
attribute that can be measured or attribute that can be measured or 
observed.
– Its presence  quantity  or distribution is Its presence, quantity, or distribution is 

used, in combination with other 
indicators, as an index of an attribute.,



Economic Example of Economic Example of 
Indicators

• Dow Jones Index
– an economic indicator that measures the an economic indicator that measures the 

strength and directional movement of 
the stock market as an indicator of  
economic strength and directional trend

• Other Economic Indicators
– Employment
– Housing constructiong



How Does IIRH Use How Does IIRH Use 
Indicators?

• No one indicator describes Rangeland Health or an 
individual attribute

• Use 9 or more indicators per attributeUse 9 or more indicators per attribute
• Five narrative descriptors aid evaluators in 

determining  ratings for indicators.
      Departure from Ecological Site Description/Ecological Reference 

Area(s) 
 
Indicator 

Extreme Moderate to  
Extreme 

Moderate Slight to 
Moderate 

None to Slight

1. Rills 
(D f l

Rill formation is 
d ll

Rill formation is 
d l i

Active rill 
f i i li h

No recent 
f i f ill

Current or past  
f i f(Default 

description) 
severe and well 
defined 
throughout most 
of the area. 

moderately active 
and well defined 
throughout most of 
the area. 

formation is slight 
at infrequent 
intervals;mostly in 
exposed areas. 

formation of rills; 
old rills have 
blunted or muted 
features. 

formation of 
rills as 
expected for 
the site. 

1. Rills 
(Revised 
d i ti )

     

description)  
 
 

 



Qualitative & Quantitative Indicators
Q lit ti  E ti t  th  i t  k d t• Qualitative – Estimate the appropriate ranked category.

• Quantitative – Measured value
• Some qualitative indicators are correlated to quantitative q q

indicators
– Percent bare ground measured by line-point intercept 

• Some qualitative indicators have no quantitative analog.q q g
– Rills & Wind scoured areas

• Some qualitative indicators require multiple quantitative 
indicators

Attribute Qualitative assessment indicators Key quantitative assessment indicators Selected measurements 
and references 

– Structural-Function Groups

Soil and site 
stability

• Rills
• Water flow patterns
• Pedestals and/or terracettes
• Bare ground
• Gullies
• Wind-scoured, blowouts and/or 

Bare ground Line point intercept (2, 3)
Point frame (2)

Proportion of soil surface covered by 
canopy gaps longer than XX cm

Canopy gap intercept (3)
Continuous line intercept (2)

Proportion of soil surface covered by basal Basal gap intercept (3),
deposition areas

• Soil surface resistance to 
erosion

• Soil surface loss or degradation
• Compaction layer

Proportion of soil surface covered by basal 
gaps longer than XX cm

Basal gap intercept (3)
Continuous line intercept (2)

Soil macroaggregate stability in water Soil stability kit (3)



Qualitative vs Quantitative Qualitative vs. Quantitative 
Indicators

• IIRH uses:
– a combination of qualitative and q

quantitative indicators.
• Soil stability is clearly quantitative measure.
• Rills are clearly qualitative• Rills are clearly qualitative

– continuous indicators that can be 
evaluated by determining the e a uated y determ n ng the 
appropriate ranking for the indicator
• Five evaluation categories 



H     dHow to use Quantitative Indicators

• Select the best quantitative indicator for 
each attribute.
– Do not need a quantitative indicator for each 

qualitative.
B st tit ti  i di t s  th s  th t • Best quantitative indicators are those that 
are consistently correlated with attribute
– Bare ground and soil aggregate stability – Bare ground and soil aggregate stability 

correlated with resistance to erosion in most 
ecological sites, thus best for soil and site 

bilistability



Resistance

• Resistance is the capacity of ecological p y g
processes to continue to function without 
change following a disturbance 



Resilience
• Resilience is the capacity of ecological 

processes to recover following a disturbance. 
R ili  i   ti– Resilience is recovery time

– It can be defined in terms of the rate of recovery, 
the extent of recovery during a particular period of y g p p
time, or both



Disturbance, Resistance & 
R lResilience

• Disturbance is a natural and necessary part Disturbance is a natural and necessary part 
of all ecosystems

• Healthy ecosystems are generally:
i t t t  t l di t b  – resistant to external disturbances 

– resilient or able to recover if external 
disturbances occur
ll     fl   – allow various communities to fluctuate over 

time
• Resistance and resilience alone are 

insufficient criteria for healthy 
ecosystems
– degraded systems are often highly resistant to degraded systems are often highly resistant to 

change



State & Transitions: Current Views
Reference State

Shrub – Native Perennial Grass
Invasive-dominated State

Invasive Annual GrassThreshold?

Community
A

Community
D

Community
B

Community
C Community

Pathway

Community
E

Pathway

Relatively Irreversible
Transition (Invasion & Fire)Transition (Invasion & Fire)

After Stringham et al. 2003 J. Range Mgmt



States
• A state consists of: 

– One or more communities (including their soils) that occu( g )
on a particular ecological site 

– Communities are functionally similar in soil and site 
stability  hydrologic function and biotic integrity. stability, hydrologic function and biotic integrity. 

• States are distinguished by major changes in:
– Plant functional groupsp
– Soil properties
– Ecosystem processes 

A s  f  st t  h  is diff s i• A consequence of a state change is differences in:
– Lacks resilience 
– Biodiversity or Vegetation structureBiodiversity or Vegetation structure
– Management requirements



Reference StateReference State
• Reference state – the set of plant communities 

h  l i l  l ti  t  il d where ecological processes relating to soil and 
site stability, hydrologic function and biotic 
integrity are performing at an optimum level integrity are performing at an optimum level 
under a natural disturbance regime
– Includes the potential natural plant communityIncludes the potent al natural plant commun ty
– IIRH uses this state (but not any particular 

community within the state) as the reference for 
th  l d h lth l tithe rangeland health evaluation

– If sustainability is a management objective, then the 
desired plant community will nearly always be found desired plant community will nearly always be found 
in the reference state



Transitions and PathwaysTransitions and Pathways
• Transitions

h   – Shifts between states
– Are not reversible by altering the intensity and 

direction of change  e g  lacks resiliencedirection of change, e.g. lacks resilience
– Proceed to vegetation communities that do not 

return to communities in the current state.return to communities in the current state.
• Pathways

– Connects communities within a stateConnects communities within a state
– Reversible shifts between or among vegetation 

communities, e.g. resilientg
– Occur within an ecological state



ThresholdsThresholds
• Conceptual one-way barrier between two 

states
• May be caused by feedbacks among y y g

ecological processes. For example:
– Shrubs replace grasses in a grasslandp g g
– Leads to soil erosion in shrub interspaces
– Eliminates habitat for grass establishment Eliminates habitat for grass establishment 

and recovery of the grassland. 



State & Transitions: Current Views
Reference State

Shrub – Native Perennial Grass
Invasive-dominated State

Invasive Annual GrassThreshold?

Community
A

Community
D

Community
B

Community
C Community

Pathway

Community
E

Pathway

Relatively Irreversible
Transition (Invasion & Fire)Transition (Invasion & Fire)

After Stringham et al. 2003 J. Range Mgmt



P i  C  T hPutting Concepts Together

• Reference State, Indicators and 
Natural Range of Variationg
– Each indicator in the reference state 

has a range of variation that will occur g
among the communities.

– In IIRH, this range in variation for an 
indicator is the standard or expected 
value for that indicator.


